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Development 
Maximum soybean production relies upon uniform and rapid stand establishment. Meeting these criteria 
requires an adequate supply of high quality seed. Providing the necessary seed supply has become the 
responsibility of the professional seedsmen. The ultimate quality of seed produced is defined by the 
genotype and the environment under which it is produced. Initially, soybean breeding programs 
emphasized yield and other agronomic traits with little concern for seed quality. Although to a large 
extent that is still true, there is a growing appreciation for the importance of seed quality. 
Physiology 
Soybean development can be divided into four distinct physiological, though not exclusive, stages: 
Vegetative growth, Flowering, Pod development, and Seed filling. Since most of the soybeans grown in 
the upper midwest are indeterminate in growth habit there is considerable overlap between the stages. 
Because indeterminate plants begin to flower before vegetative development is complete the reproductive 
responses to various stresses are diminished . 
Agronomically growth stages are divided into vegetative (V) and reproductive (R) In general, soybean 
plant development is very responsive to daylength, so that the timing between vegetative stage and 
flowering will vary depending upon the planting date and the location. Flowering generally begins at the 
third to sixth node on the main stem and progresses upward and downward from there, with flowering on 
the branches occurring a little later. Flowering on a raceme occurs from the base to the tip. Although 
most flowering occurs on the primary raceme, secondary racemes may develop to the side of the primary 
within the same axial. The final flowering occurs at the tip of the main stem where a cluster of axillary 
pods exists . Shoot and root development continues until approximately stage R6 when root development 
reaches its maximum, as does nodule formation. 
Since number of seeds per pod is usually under genetic control, most yield increases result from an 
increase in the number of pods. Environmental stresses such as temperature or moisture reduce yield by 
reducing one or more yield components . Number of pods is the most responsive, while seeds per pod and 
seed size are less influenced by stress. As the soybean plant ages from Rl to R6, its ability to 
compensate for stress diminishes and the potential for yield reductions due to stress increases . Although 
the soybean plant is very prolific, between 60-7 5 % of all soybean flowers abort. About half of this loss 
is due to failure to set pods and the remainder occurs early in pod development. Because of the wide 
range in individual plant productivity, a number of agronomic variables, such as population, row width, 
planting date, weed control, fertility and irrigation can be manipulated to increase yield. Seed 
development and maturation occur over approximately a 30-60 day period. During this time, the seed 
must develop an embryonic axis as well as a complement of reserve storage products necessary for the 
germination and establishment of the seedling. 
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The seed reaches its maximum dry weight or physiological maturity (PM) at approximately 50- 55% 
moisture content (me). From this point the seed undergoes desiccation down to 14% me, which is 
generally considered harvest maturity. The conditions under which this desiccation occurs can have a 
profound effect on subsequent seed quality. The impact on seed quality may be both physiological and 
pathological. Additionally, soybeans have the capacity to loose water very quickly and if conditions 
allow, the seed moisture may decrease to less than 10% me in the field making harvest difficult and often 
resulting in reduced seed quality due to mechanical damage. 
In many states the standards of germination are not required resulting in an erosion in confidence that 
"certified" seed automatically represent high quality seed. Further, genetic purity standards were defined 
during a period when cultivar development was dominated by public plant breeders and very few lines 
were released without rigorous attention to homozygosity. Today, however, many high yielding 
genotypes are being released prior to complete purification and attention to breeding true to type. 
Because these materials may have significant agronomic superiority, and seedsmen have responded by 
modifying the definitions of purity to encompass these materials . 
Agronomic Practices 
Cultural practices used by seed producers are similar to those used in commercial soybean grain 
production. Often, because of the cost of foundation seed, planting populations may be decreased from 
the recommended levels though this seldom has a major effect on either yield or seed quality . Crop 
rotation in soybean seed production fields is highly recommended. Rotation not only reduces the 
potential for disease buildup but may also improve weed control. Contrary to popular trends, cultural 
practices which reduce the amount of crop residue are likely to reduce the risk of foliar or seed borne 
diseases in soybeans. Incorporation of soybean residue is especially important for reducing the incidence 
of Phomopsis spp. and Fusarium spp. The occurrence of Phomopsis spp. can be further reduced by 
fungicide application and by adjusting the planting date so that early maturing genotypes are planted later 
to insure their maturation under cooler, dryer conditions. Although complete weed control is 
recommended, it is perhaps more important in seed production fields than in those used for grain. In 
addition to the potential for reduced yield, the presence of weed seed in soybean seed may contribute to 
deterioration during storage prior to conditioning. Weed seed may also make conditioning more difficult 
by competing for capacity in each conditioning step and by reducing the effectiveness of the machine to 
affect the separation or by requiring more steps in the conditioning process. 
Harvest 
As mentioned earlier, 14% seed moisture is accepted as the benchmark for the ideal harvest period. Because 
soybeans loose moisture so rapidly, achieving optimum seed moisture at harvest may not be possible. 
Delaying harvest because of weather and other management constraints can result in significant field 
weathering and reductions in quality. When harvest is delayed and ambient conditions are warm and humid, 
seed borne microorganisms can move from the pod to the seed coat or cotyledonary tissue. Although foliar 
fungicides can minimize this invasion they must be applied early in seed development (during R5-R6) . 
Alternate wetting and drying of the mature seed can also result in substantial declines in seed quality. These 
wet/dry cycles may result in wrinkling or fracture of the seedcoat and loss of its protective features . 
Although harvest is recommended when the seed has reached 14% me, it is important that the plant be 
relatively mature i.e. , without green stems and branches. Modern combines can handle significant amounts 
of wet, green plant material but not without some sacrifice in seed quality and appearance. It should also be 
noted that although cracks and splits are reduced when soybeans are harvested at higher me, there is 
increased potential to inflict impact damage which is not normally apparent. Further, as the seed me 
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decreases these bruises may become splits or cracks, as the stress of additional moisture loss accentuates the 
damage. 
Threshing and conveying operations related to harvest are often associated with reductions in seed quality. 
These operations involve substantial changes in angular momentum at velocities which often result in 
mechanical damage. Paulsen et al. ( 1981) described the damage inflicted on grain during the harvest and 
handling operations. The damage is directly associated with the velocity of the seed immediately before 
impact and the characteristics of the surface impacted. During the harvest operation, the seed experiences 
substantial momentum exchanges as the seed encounters various parts of the combine. Bartsch et al. ( 1979) 
observed mechanical damage at impact velocities as low as 5 m s·1 and significantly more damage as 
velocities increased from 10 to 15m s·1• The most damaging portion of the combine is the threshing 
mechanism. Many authors including most equipment manufacturers recommend that cylinder speeds be 
reduced when the soybeans are being harvested for seed. Table 1 reports data on the effect of cylinder 
speed on seed quality of seed at about 11% me. The percentage good seed increased with decreasing 
cylinder speed and was accompanied by an increase in the germination percentage. Individual seedling 
vigor, however, did not respond to reductions in cylinder speed. This may reflect the fact that shoot values 
are calculated only on the normal seedlings and the tests were conducted shortly after harvest. If the test 
had been conducted following a storage period, the effect of mechanical damage on storability may have 
been expressed. 
Table 1. The effect of combine cylinder speed on the seed quality of soybeans harvested at 11% me 
with a traditional cylinder/concave threshing system 
Cylinder Speed Good Seed Warm Germination % 
rpm 
650 
550 
450 
350 
250 
% 
84.5 
89.5 
91.2 
94.4 
96.7 
82.5 
84.0 
85.5 
94.0 
92.5 
Shoot weight 
mg/shoot 
36.1 
40.0 
42.7 
43.0 
39.2 
In a more comprehensive study, Paulsen and Nave compared the performance of conventional cylinder, 
single rotor and double rotor combines. Four threshing speeds were used including S 1, S2, S3 and S4 which 
corresponded to speeds of 425, 525, 625, and 725 rpm, respectively, for the conventional cylinder; 375, 
450, 525, and 600 rpm, respectively, for the single rotor; and 510, 610,710 and 810 rpm, respectively, for 
the double rotor. Results of the study are presented in Table 2. It is clear differences exist among the 
different combine concepts. At the highest harvest me, the conventional cylinder/concave produced twice 
as much damage as the single rotor and nearly four times the damage as the double rotor. As the speeds 
increased, the amount of damage increased more rapidly in the conventional system as compared to the rotor 
systems. As the harvest me decreased, the amount of damage caused by the harvest process also increased. 
Interestingly, however, damage caused by the conventional system at the lowest cylinder speed did not 
increase with decreases in seed me. The rotor systems exhibited consistently less of an increase in damage 
with increased speed than did the conventional system. Although changes in concave clearance did 
influence the quality of the seed, they had much less effect than did cylinder speed. Further, it should be 
noted that the objectives of any adjustments are to reduce the impact injury caused by the harvest operation 
and to allow the action of the plants impacting each other to affect the threshing. The challenge is to move 
enough plant material into the threshing area to assure the maximum plant on plant contact while avoiding 
"plugging" the machine. Many operators reduce ground speed when reducing cylinder speed in order to 
avoid "plugging". But because modem combines are very powerful and have large capacity this tendency 
should be avoided. It is important to maintain adequate product flow to minimize damage. These 
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Table 2. Comparison of percent splits in clean-grain-auger samples from different threshing 
mechanisms operated at various cylinder or rotor speed levels 
Threshing Mechanism 
Speed level Conventional Single Double 
cylinder Rotor Rotor LSD 
13.3 % Harvest Moisture Content 
Sl 0.91 0.66 1.21 
2.48 
S2 3.68 1.24 0.68 1.21 
S3 6.22 1.53 1.33 1.21 
S4 7.74 3.01 2.30 1.21 
12.5 % Harvest Moisture Content 
S1 2.28 0.84 0.81 1.01 
S2 4.18 1.62 1.00 1.01 
S3 7.60 1.47 1.07 1.01 
S4 10.86 1.95 2.14 1.01 
11 .6 % Harvest Moisture Content 
S1 2.59 1.19 0.87 1.64 
S2 4.22 1.22 0.95 1.64 
S3 6.60 1.77 1.40 1.64 
S4 8.92 3.60 2.54 1.64 
operational adjustments are extremely important to make during the course of the day as the plant and 
seed moisture decline. Increased mechanical damage not only reduces the final amount of usable seed 
but also may reduce the storage potentia! of the seed. Peterson et al. ( 1995) reported that impact damage 
to seed resulted in an increased sensitivity to the deterioration process. 
In addition to the damage caused by the threshing and cleaning operation in the combine, many authors 
have reported substantial injury due to the auger or flighting mechanism used to elevate the clean product 
to the grain tank. If the producer has a machine dedicated to seed harvest it may be advisable to modify 
the combine by replacing the auger or paddle flight system with a small belt/bucket elevator. This type 
of modification is common in the West where dry beans are produced. 
Drying 
Typically soybeans eventually reach a safe storage moisture in the field. However, when seed moisture 
increases above 13% the useful storage life is reduced and some drying or aeration is required. The results 
of artificial drying studies with soybean seed have been quite variable. Rate of drying has been found to be 
quite critical as is the temperature of the drying air. Holman and Carter ( 1952) investigated various drying 
regimes and recommended that ambient air provided the safest drying conditions. Those authors who have 
attempted to use heated air have often found decreases in seed quality, especially when the humidity of the 
drying air fell below 40% , while temperatures generally less than 50°C had little if any effect on seed 
quality. Most of the successful studies utilized seed with a moisture content of less than 20%. Drying seed 
at moisture contents above 20% is not advisable under large scale conditions and is likely to be successful 
only under very slow drying conditions. As with any drying process, control of air velocity, temperature 
and humidity is critical to the maintenance of high seed quality. It is imperative that the moisture content be 
reduced below 13% or the seed will deteriorate rapidly due to both pathological and physiological changes. 
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Although drying with ambient air is slow, if managed correctly it is likely the most effective way to 
maintain seed quality. 
Storage 
Because of their composition and the characteristics of the seed coat soybeans are considered a moderate to 
short lived seed . Because the proteins which make up more than 20% of the soybean are hydrophilic and 
the lipid reserves are generally hydrophobic the seed has a tendency to change moisture contents rather 
quickly. Further, in an effort to eliminate the "hard seed" and improve processing characteristics plant 
breeders have selected for seed coats which are very permeable to water. With some genotypic variation 
soybeans come to specific seed moisture levels depending upon the ambient relative humidity (Table 1). 
Storability of specific seed lots is thus dependent upon the genotype, mechanical, pathological and 
physiological quality of the seed going into storage. During storage, temperature and seed moisture are the 
most important factors affecting deterioration. Because soybeans are very hygroscopic, the moisture values 
given in Table I are achieved very quickly. Within a bin, seed moisture levels may vary dramatically in 
response to temperature gradients. These gradients can move moisture from the internal bulk of the bin to 
the outside when external temperatures are high or the bin is exposed to sunlight. This moisture will move 
from regions of higher to lower moisture along a isotherm (line of similar temperature) and then back up the 
center of the bin to the top where the moisture may reach its highest level. 
Table 1. Equilibrium moisture content of soybean seed when exposed to various relative humidity and 
temperature environments. 
Temperature Relative Humidity Percentaae 
10 20 30 40 50 60 70 80 90 
oF Seed Moisture Percentaae 
40 
5.2 6.3 6.9 7.7 8.6 10.4 12.9 16.9 22.4 
60 
4.3 5.7 6.5 7.2 8.1 10.1 12.4 16.1 21.9 
77 
3.8 5.3 6.1 6.9 7.8 9.7 12.1 15.8 21.3 
95 
3.5 4.8 5.7 6.4 7.6 9.3 11.7 15.4 20.6 
113 
2.9 4.0 5.0 6.0 7.1 8.7 11.1 14.9 17.6 
The effects of this temperature and moisture migration can be minimized by proper aeration of the bulk 
storage. Aeration is especially important during periods of rapid temperature fluctuations such as in the fall 
when the outside temperatures are considerably below the temperature of the bin of seed, mid winter when 
the exposure to sun can elevate the temperature of the outer portion of the bin or in the spring when outside 
temperatures are considerably higher than those within the bin. When seed moisture levels rise above 13%, 
activity of storage fungi increases dramatically. Microbial activity results in further temperature increases 
and this is associated with further decline in quality. In a 1980 study, Burris stored six soybean cultivars for 
three years at moisture levels from 8 to 14% me and at storage temperatures of 30, 50, 60, and 80°F (Figures 
1-3). Although moisture level (Figure 1) had little effect during the first six months of storage, except for 
the 14% me, within nine months clear differences were observed. The rapid decline in germination of the 
seed at 14% me demonstrates the importance of seed moisture. Although elevated seed moisture will 
protect the seed from mechanical damage during harvest and handling, marketable storage life is limited to 
no more than one season. Seedsmen are faced with the dilemma of trading mechanical quality for 
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physiological stability and extended shelf life. The storage variable temperature may provide some 
alternative solution. Some of the extended shelf life exhibited by the low seed moisture level can be 
achieved by reducing the storage temperature to 50°F or less. The natural decrease in ambient temperature 
following harvest effectively extends the shelf life of the soybean seed even at elevated seed moisture. As 
ambient temperatures increase in the spring the quality of the seed may again begin to decline but normally 
the high temperature time period is short enough that no detectable decrease occurs prior to planting. 
However, the extended exposure to elevated temperatures during the summer effectively limits the market 
life of seed at me greater than 12% to one season. Seedsmen interested in extending the shelf life of their 
seed inventories should seriously consider procedures to reduce the seed moisture level after harvest or 
modify their harvest and handling equipment to minimize mechanical damage to the seed at low moisture 
levels. 
Handling Damage 
In addition to the decreases in seed quality that result from harvest and storage procedures, handling and 
conditioning can severely alter seed quality. Differences in genotype sensitivity to mechanical damage are 
well recognized within the industry. In general large seeded types are more prone to damage than small 
seeded types. Within seed sizes there may also be measurable differences, i.e. Burris (1979) reported that 
Amsoy exhibited the most damage (21.1 %), Beeson and Wayne were similar at 15.3 and 15.9%, 
respectively, and Corsoy exhibited the least at 9.3%. Although these differences may vary with year and 
location of production they do indicate that the potential to improve seed quality through plant breeding. 
The relationship between damage by vertical drop and seed moisture level is shown in Table 2. 
Table 2. The effect of initial drop distance and seed moisture content on seed quality as expressed in 
germination and percentage mechanical damage 
Initial Drop Moisture Percentage 
0 Meter 13 
0 Meter 8 
3 Meter 
3 Meter 
13 
8 
Germination Percentage 
89.6 
87.6 
87.6 
85.7 
Mechanical Damage % 
12.2 
13.9 
15.6 
17.7 
Seed at 8% me exhibited a slight decrease in germination and an increase in mechanical damage as a 
consequence of the low moisture level alone. Both the germination test and the measurement of mechanical 
damage were influenced by seed moisture level. The effect of the three meter drop is more pronounced in 
the low moisture seed but even at 13% me there is a decrease in quality. It is clear that any attempt to 
reduce the distances that seed is allowed to fall and modifying the surfaces that it encounters should result in 
improved seed quality. 
Temperature has long been considered a contributing factor to the decline in soybean seed quality during 
handling. Seedsmen have often had to suspend conditioning operations when ambient temperatures drop 
below zero. Table 3 reports the results of an experiment designed to evaluate the effect of ambient 
temperature and drop distance on seed quality. Although drop distance reduced the quality to a greater 
degree than did temperature, the mechanical damage percentage increased in response to drop distance as 
temperature was reduced. The increased damage resulting from the combination of low temperature and 
increased drop distance are reflected more in reduced germination than in mechanical damage. This may 
indicate that the damage occurring at the low temperature may result in internal structural damage which is 
not immediately apparent in the estimates of mechanical damage but is reflected in tissue injury which 
reduces the germination percentage. The germination tests in this study were conducted shortly after the 
damage treatments and may have been even more depressed with some additional time in storage. 
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Table 3. The effect of ambient temperature and drop distance on seed quality wben averaged across 
seed moisture content and genotype and expressed as germination and percentage mechanical damage. 
Temperature oF Drop Distance (meters) 
0 
2 
3 
4 
0 
2 
3 
4 
Germination Percentage 
88 
87 
86 
84 
89 
89 
88 
88 
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